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A B S T R A C T   
In response to the comment by Cromb�e and Langohr (2020) on our micromorphological study of Mesolithic pit 
hearths, we argue that these features are most likely anthropogenic in origin, and that it is therefore unlikely that 
they are the remains of burned ant nests. Arguments for an anthropogenic origin centre around (1) their regional 
and temporal distribution, (2) their spatial distribution within archaeological sites, (3) their charcoal spectrum 
and (4) the presence of cultural remains in the pits. We argue that the absence of fire-related features and 
apparent discrepancies in dating can be attributed to site-formation and taphonomic processes. Finally, we 
indicate that, due to a lack of actual observations of the subsurface morphology of burned ant nests, it is 
impossible to make a valid comparison. Based on the existing literature on ant nests fires, we come to a different 
model of this morphology than do Cromb�e and Langohr (2020). We conclude that these pit hearths form an 
important component of the Mesolithic archaeological record and that new research into their formation and 
their use may shed more light on their origin and purpose.   
1. Introduction 
The features called pit hearths (or hearth pits) are common in the 
archaeological record of the Mesolithic of the sandy soils in the 
Netherlands and adjacent areas of Belgium and Germany. Considerable 
effort has gone into excavating archaeological sites with large numbers 
of such pits, and there is an ongoing debate on their formation and their 
alleged function(s). Significantly, Cromb�e et al. (2015) and Cromb�e 
(2016) proposed that these features are not of anthropogenic origin, but 
are instead the remains of ant nests (domes) destroyed in forest fires. 
There have been several large-scale excavations and publications since 
the publication of this ant nest theory. These include site complexes (e. 
g., Kampen-Reevediep (Geerts et al., 2018) Hanzelijn-Hattemerbroek 
(Lohof et al., 2011) and Tunnel Drontermeer (Hamburg et al., 2012)) 
that had vast numbers of such features, as well as two publications 
(Peeters and Niekus, 2017; Peeters et al., 2017) presenting overviews on 
the present state of knowledge about pit hearths. Despite all this anal-
ysis, and some discussion in Woltinge et al. (2019), the validity of the ant 
nest theory has yet to be discussed in detail. The comment by Cromb�e 
and Langohr (2020) concerning our paper on the micromorphology of 
pit features from Kampen-Reevediep (Huisman et al., 2019) therefore 
provides a welcome opportunity for a discussion on the ant nest theory 
as a viable explanation for these pit features. We appreciate the time and 
effort taken by Cromb�e and Langohr to include results from our 
Kampen-Reevediep paper in their discussion. However, in our opinion, 
the arguments and interpretations provided by Cromb�e and Langohr 
(2020) do not support a natural genesis of these features, but instead 
favour an anthropogenic origin. 
In this reply to Cromb�e and Langohr (2020), we systematically 
discuss the various issues and arguments supporting an anthropogenic 
origin of pit hearth features and those supporting the ant nest theory, 
including those previously mentioned in Cromb�e et al. (2015) and 
Cromb�e (2016). We divide the discussion into three parts. First, we 
present which properties of the pits indicate an anthropogenic origin. 
Next, we discuss the reasons why some properties that could be expected 
in anthropogenic conditions are only rarely observed. Finally, we 
discuss to what extent the observed properties of Mesolithic pits do or do 
not match the properties of (burned) ant nests. 
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2. Anthropogenic indicators 
2.1. (Supra)regional spatio-temporal patterns 
As mentioned in the introduction, the pit hearth phenomenon is 
generally regarded as typical for the archaeological record of the 
Mesolithic in the Netherlands and adjacent areas of Belgium and Ger-
many. Most of these features are known from the sandy soils prevalent in 
the northern half of the Netherlands. Farther to the east and south, their 
distribution peters out. There is a spatio-temporal dimension to their 
distribution. The earliest pit hearth features are located in the northern 
part of their distribution, i.e., the Veenkoloni€en (‘Peat Colonies’), in the 
province of Groningen. Farther south, their first appearance in the 
archaeological record is successively later (see, e.g., Niekus, 2006: 
Fig. 24; see also Niekus, 2019, for a compilation of the earliest pit hearth 
dates from the Netherlands). 
There are two examples of regional spatio-temporal patterning that 
are not readily explicable by the ant nest theory; both are briefly dis-
cussed in Peeters and Niekus (2017), accompanied by further references. 
To summarise: Dated pit hearth features from the prehistoric Hunnepe 
drainage system, in the border area between the Dutch provinces of 
Overijssel and Gelderland, show a spatio-temporal trend, with the sites 
with earlier dates situated in the upper part of the Hunnepe system and 
those with later dates situated in the lower reaches of system. A 
geographical ‘shift’ in dates was also observed in the Peat Colonies, 
where sites in stream valleys along the margins of the area have later 
Mesolithic (Atlantic) dates and sites in the central part witnessed a clear 
decline in dates during the early Atlantic (Groenendijk, 1987). An in-
crease in wet conditions (which would be unfavourable for ant nest 
building) cannot account for this pattern, since peat growth first started 
long after the Mesolithic (Atlantic), in the Preboreal period (Vos et al., 
2018). 
Even though these distribution patterns may in part reflect differ-
ences in research intensity or interest between regions, it is noteworthy 
that large numbers of classic pit hearths (‘type A’ cf. Hamburg et al., 
2012) have not been reported from other regions where extensive areas 
of sandy soils are also present, e.g., Denmark or Great Britain – save a 
few possible examples, which have not been published in detail (e.g., 
Brinch Petersen, 1990). We find the apparent lack of these features in 
those areas, and in particular the lack of dense clusters of these features, 
difficult to explain within the context of the ant nest theory. Ants will 
have been present in these areas during the Mesolithic, as will forest 
fires, and there is no compelling reason to assume that the behaviour of 
either ants or forest fires will have been different in these regions 
compared with the regions where the features are found. However, the 
presence or absence of these features in different regions is more readily 
explained as a reflection of geographical variability in culture-specific 
activities by humans. This explanation is strengthened by the fact that 
the earliest pit hearth features date to the Late Preboreal, roughly 
around the transition from the Late Palaeolithic to the Mesolithic. 
Although pit hearth features have been found during excavations of 
Upper and Late Palaeolithic sites, radiocarbon dating has revealed them 
to be Mesolithic in age (see e.g., Lanting and Van der Plicht, 1997; for 
several examples). The fact that there is no substantial presence of pit 
hearth features on, for example, Federmesser sites – or on those from the 
Neolithic and later periods – is difficult to explain within the ant nest 
theory. 
2.2. Local and intra-site distribution patterns 
Pit hearths are usually found on the tops or (upper) slopes of larger 
sand ridges, while they are often, but not always, lacking on smaller and 
lower dunes with flint scatters. Groenendijk (1987) was the first to note 
the differences in spatial distribution between flint scatters (‘domestic 
zones’) and pit hearths on larger hills, such as the site of NP-3, in the 
Peat Colonies, leading him to suggest that pit hearths were used for 
specific activities carried out at some distance from domestic zones. 
Similar observations with respect to the spatial distribution of pit 
hearths and flint scatters were also made at the sites of Verrebroek ‘Dok 
1’ (Cromb�e et al.,), Epse-Olthof (Hermsen et al., 2015) and 
Kampen-Reevediep (Geerts et al., 2018). At Verrebroek, for example, 
nearly all pit hearths were found on the higher ground in the landscape, 
at some distance from the dozens of Early Mesolithic artefact scatters; 
only a few pit hearths were situated near flint scatters. The scarcity or 
absence of flint artefacts associated with pit hearths can in some cases be 
explained by the truncation of the original soil profile. However, where 
flint scatters do occur, pit hearths are still usually rare or absent. The 
lack of a demonstrable co-occurrence of pit hearths and flint scatters 
suggests a deliberate spatial layout and provides no support for the ant 
nest theory. If they were indeed ant nest, one would expect the features 
we term pit hearths to co-occur with flint scatters as well. Where pit 
hearths and flint scatters do co-occur, this is more likely to be a function 
of the extent of the habitable area; if it is relatively small, repeated use 
would ultimately lead to a palimpsest of different, non-synchronous 
activities involving pit hearths and flint. 
Niekus (2011) and Peeters and Niekus (2017) have already argued 
that at the site level, pit distribution does not seem to be random. First, a 
shift was noted in the temporal distribution of pit hearth dates between 
the sites of NP-3 and S1, in the Peat Colonies (Niekus, 2006:note 21). 
Both locations are part of a site complex situated on the same coversand 
ridge. The dates from S1 are, on average, older than those from NP-3, 
which indicates a shift in Mesolithic activities from west to east. Com-
parable differences in temporal patterning between different parts 
(north and south) of the coversand ridge have also been observed at the 
site of Epse-Olthof (Hermsen et al., 2015). 
Second, several recurring spatial configurations have been observed, 
ranging from single, presumably isolated pit hearths to dense clusters of 
pits. Within the context of the ant nest theory, the linear configurations 
could potentially be explained as nests built along a fallen tree trunk. 
However, the triangular, rectangular and polygonal configurations of 
pits that occur as well are less easily explained in this way. The same 
goes for dense clusters of pit hearths, of which there are ample examples, 
e.g., from the excavations of the sites of Hanzelijn-Hattemerbroek, 
Tunnel Drontermeer and Kampen-Reevediep (Lohof et al., 2011; 
Hamburg et al., 2012; Geerts et al., 2018, respectively). 
One can argue that it is always possible to discern particular spatial 
configurations in point-located phenomena, provided they form a dense 
enough concentration. It is remarkable, however, that there are tem-
poral dimensions present within these configurations as well. For 
example, radiocarbon dates of features belonging to a single configu-
ration at Epse-Olthof suggest that these features were synchronous 
within statistical error (Hermsen et al., 2015). Additional examples of 
configurations with high spatial and chronological integrity are pro-
vided by Niekus (2011:Fig. 2, for example). Furthermore, dense clusters 
of pits (Niekus, 2011) seem to be restricted to the Late Boreal and, even 
more so, the Atlantic (Late Mesolithic). Such dense clusters are hitherto 
unknown from Preboreal and earlier Boreal sites. To explain this 
observed regional variability as being the result of a lower frequency of 
natural wildfires in this time frame – as would be required to make the 
data fit the ant nest theory – is unconvincing (see below for further 
discussion on the frequency of forest fires). 
2.3. Charred plant remains in the pits: composition 
The ant nest theory builds on established knowledge that ants start to 
construct their nest in and from dead tree roots and, possibly, trunks, 
preferably those of pine. Cromb�e and Langohr (2020:Fig. 1) have 
schematically visualised their assumptions on how the tree trunk forms 
the heart of the ant nest, and how subsequent burning leads to the 
charring of the remaining wood and plant litter and the collapse of the 
dome. In their model, one would expect to find a particular composition 
of charred wood (i.e., exclusively that of the tree trunk and roots) and 
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other charred plant material (fine fragments of easily transportable 
material and litter from the undergrowth), resulting from in situ burning 
and charring. 
However, the wood represented in the analysed charcoal samples 
from pit hearths mainly derives from tree trunks, branches and twigs, 
not roots (Kooistra, 2011, 2012). Trunk and branch wood from all of the 
frequently represented tree species, also includes those of moist habitats. 
Apart from one uncertain fragment from Kampen-Reevediep (Geerts 
et al., 2018), charred roots are absent. The uncharred roots mentioned in 
several reports (Kooistra, 2011, 2012, 2018) represent younger vege-
tation and concern fragile fibre material, which probably comes from 
wetland vegetation that started to grow after the Mesolithic (L. Kooistra, 
pers. comm. 2019). Hence, indications for in situ burning of one of the 
two categories of tree remnants in which ants might have built their nest 
(i.e., tree roots) are lacking. 
The charcoal spectrum recovered from pit hearths shows a pre-
dominance of tree species that one would expect to find with reference 
to broad models of vegetation history, notably pine (Pinus sylvestris) in a 
Preboreal/Boreal context and oak (Quercus) in an Atlantic context. 
However, anthracological analysis (Fig. 1) found charcoal from multiple 
wood species in about half of the pits analysed for macro-remains. Out of 
a combined total of 71 pits analysed from Dronten-N23, Hanzelijn- 
Hattemerbroek and Kampen-Reevediep, 42 were found to contain 
charcoal of two to four of the six tree species frequently represented in 
the charcoal samples (Pinus, Quercus, Alnus, Salix, Betula and Pomoidae). 
This observation is difficult to reconcile with the ant nest model as 
illustrated by Cromb�e and Langohr (2020, Fig. 1): ants. Ants do trans-
port small fragments of plant material but not pieces of wood large 
enough to leave charcoal after a burning event, and to, additionally, be 
identified to the taxonomic level of species. In addition, of the five 
Fig. 1. Overview of the anthracological finds (by weight) from investigated pit hearths at three sites, showing changes in composition through time. Note the 
frequent occurrence of multiple wood species in one pit, and the presence of charcoal from trees from wet habitats. Data from Kooistra (2011, 2012, 2018). 
Fig. 2. Frequency and cumulative percentage of uncalibrated radiocarbon 
dates in 200-year bins. Top: pit hearths; bottom: surface hearths. 
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frequently occurring tree species, Alnus and Salix in particular grow 
predominantly in moist habitats, which are unattractive for the con-
struction of ant nests. If the pit features were indeed ant nests, this would 
require an accumulation process that to us seems highly unlikely: (1) 
diverse parts of trees belonging to different tree species of different 
habitats would have needed to accumulate regularly; (2) relatively large 
fragments of these woods would have needed to accumulate coinci-
dentally in about half of the ant nests; and (3) burning of these nests 
would have needed to result in charring of these fragments. 
The presence of charred remains of species growing in moist habitats 
is not restricted to woody taxa, such as Alnus and Salix. Although the 
number of samples investigated for charred parenchymal remains is still 
limited, and although not all sampled pits contain such remains, SEM 
analysis has demonstrated the incidental presence of several aquatic and 
wetland plant taxa, in addition to dryland species (Kubiak-Martens, 
2011; Kubiak-Martens et al., 2012). The occurrence of aquatic and 
wetland plants, such as Beta vulgaris, Scirpus and Typha, is already 
difficult to explain within the ant nest theory. Even more problematic to 
explain is the observation that 33–60% of the charred remains of these 
plants involves material from the roots and/or stems. Hence, we 
consider the spectrum of woody and non-woody plant remains – 
including species from wet habitats – to be a strong indicator for human 
activity. They occur too systematically to be simply dismissed as 
‘intrusion’. 
2.4. Cultural remains in the pits 
It is difficult to interpret the types and distribution of artefacts in pit 
hearths, because of issues with representativeness. First, at most sites, 
the upper part of pit hearths has eroded or was removed unnoticed 
during excavation. Hence, only the lower horizons of pit hearths were 
sampled in the majority of cases (cf. Huisman et al., 2019). Second, on 
sites with lots of pit hearths, only a selection of the pits or only part of the 
fill of individual pits was sampled. Nevertheless, based on the publica-
tions of NP-3, Hanzelijn-Hattemerbroek, Dronten-N23, Epse-Olthof and 
Kampen-Reevediep (Groenendijk, 1987; Lohof et al., 2011; Hamburg 
et al., 2012; Hermsen et al., 2015; Geerts et al., 2019; respectively), 
some general properties of the artefact assemblages can be discerned. 
After wood charcoal, flint is the most common anthropogenic ma-
terial found in pit hearths. Charred hazelnut shells and other types of 
charred organic matter and burnt bone occur less frequently. It is clear 
that most of the flint artefacts retrieved from these features are <10 mm 
and moderately to heavily burnt. Larger artefacts, such as flakes, blades 
and cores, are relatively rare, as are retouched tools. Heat-cracked 
cobbles, (fragments of) perforated mace-heads, and other stone tools 
occur sporadically. The presence of predominantly (small) flint waste 
has been seen to suggest that some hearths were associated with 
contemporaneous flint working (e.g., Groenendijk, 1987:91). In our 
opinion, it is equally possible, however, that this waste resulted from 
secondary intrusion, as has been argued for charred hazelnut shells, 
which often return older 14C dates than charcoal originating from the 
same pit (Cromb�e et al., 1999; see below). Hazelnut shell and flint 
debitage are generally associated with surface hearths (Peeters, 2007); 
their sporadic occurrence in pits may therefore be an indication for the 
presence of disturbed surface scatters or features nearby. A few exam-
ples do exist where a relatively well-preserved small flint scatter and a 
surface hearth containing charred hazel nut shells seem to be associated 
with a more or less contemporaneous pit hearth feature (Leek-Mensu-
maweg [Lanting and Van der Plicht, 1997:139] and Meerstad site 2a 
[Arnoldussen et al., 2012]). 
At some sites, the pits, on average, contain a relatively large number 
of points, backed blades and products related to their manufacture, such 
as microburins and retouche chips. At Kampen-Reevediep, nearly half of 
the retouched pieces from pit hearth features (68 of 138 retouched tools) 
consist of microliths, backed bladelets, microburins and retouche chips. 
At Dronten-N23, nearly 77% of the 155 retouched tools from pit hearths 
consist of backed bladelets and different types of microliths. These ob-
servations might be taken as evidence that pit hearths played a role in 
the repair or retooling of hunting gear. However, the fact that the 
Mesolithic surface itself is often missing hampers the comparison of 
palaeosurface flint assemblages with pit flint assemblages and therefore 
makes it difficult to interpret the pit content (whether as residual, 
intrusive or both). 
3. Lack of anthropogenic indicators? 
3.1. Lack of rubified soil material 
Cromb�e et al. (2015) mention the lack of rubification (reddening of 
the soil) in the soil underneath the pits – and its presence in surface 
hearths – as an argument for a non-anthropogenic origin of the features. 
They state that this lack of rubification indicates that no fire burned in 
the pits, and that the fire-derived debris in the pits entered the pits af-
terwards. However, there are other possible explanations for this lack of 
rubification. Tests with open fires on the ground surface with temper-
atures >900 �C conducted by Canti and Linford (2000) in most cases did 
not result in reddening of the soil. These authors mention several factors 
that may influence the degree of fire-promoted soil reddening, notably 
moisture content and the properties of the soil iron oxide minerals. In 
the case of the Mesolithic pit hearths, an additional factor may be that 
fires were probably oxygen-starved, which may contribute to limited 
rubification. Physico-chemical analysis of samples from 
Hanzelijn-Hattemerbroek points to rather low temperatures between 
300 �C and 600 �C, while indicators for tar formation - requiring low 
temperatures and oxygen-starved conditions – have been identified 
(Kubiak-Martens et al., 2011:504–506). It should also be noted that the 
presence of charcoal in the pits does not necessarily imply that 
high-temperature fires were lit in the pits themselves. It is perfectly 
possible that charcoal was formed in a fire prepared in another location, 
outside the pit, and then deposited in the pit to provide the heat source 
for whatever the purpose might have been. 
3.2. Decay patterns in wood 
Cromb�e et al. (2015) and Cromb�e and Langohr (2020) claim that the 
predominance of decayed, instead of more or less fresh, wood in the 
charcoal spectrum supports their ant nest theory, under the assumption 
that decayed branches and trunks at the level of the forest floor formed 
the basis of a nest prior to its burning. However, Kooistra (2012) in-
terprets this predominance differently; she proposes that partially 
decayed wood was selected because this would be more suitable for 
wood tar production. Another interpretation may simply be that dead 
branches on standing trees – even on trees that are still living – are much 
easier to ‘harvest’ for firewood. An added bonus would be that this wood 
would be dry enough to be used immediately. 
3.3. Variable 14C dates 
An important aspect of the ant nest theory concerns the deviating 
chronologies of various remains at single sites, notably the observation 
that the chronology of radiocarbon-dated pits does not coincide with the 
age of the other cultural remains at the sites, such as flint, charred 
hazelnut shell or bone (Cromb�e et al., 2015:165). Cromb�e and Langohr 
(2020) go as far as to state that an absence of ‘pit hearths’ is merely an 
effect of an absence of forest fires. They take the decrease in the number 
of such pits over the course of the Atlantic, when deciduous forest 
dominates, as evidence for decreasing wildfire frequency compared with 
the Preboreal and Boreal, which were dominated by coniferous forests, 
which are more vulnerable to wildfire. 
There is a major problem with regard to the suggested mismatch in 
the chronology of radiocarbon-dated pit hearths and other cultural re-
mains. The cultural remains are demonstrably associated with surface 
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hearths. Such hearths have been shown to connect to various ‘domestic’ 
activities, such as flint knapping, tool maintenance, and the cooking and 
consumption of food. The number of surface hearths that have been 
radiocarbon dated is lower than the number of pit hearths that have 
been dated, and the radiocarbon date range for the surface hearths 
largely overlaps that of the pit hearths (Fig. 2). This also shows at the 
scale of individual sites, e.g., at Dronten-N23, for which 96 pit hearth 
dates and 13 surface hearth dates (all on hazelnut shells) are available. 
To what extent these dates can be considered contemporaneous in terms 
of ‘anthropological time’ is impossible to tell due to the statistical lim-
itations of the AMS results. Statistically speaking, however, many of the 
dates obtained on individual pit hearths and surface hearths overlap, 
and they could very well be of identical age. From the radiocarbon dates, 
it also is clear that pits occur over a longer stretch of time than do surface 
hearths (Fig. 1). 
We must remain cautious in interpreting such patterns. Surface 
hearths may be underrepresented in the archaeological radiocarbon 
record, due to criteria used for sample selection and the vulnerability to 
erosion of remains left on the surface, as well as biases due to excavation 
strategies. 
The suggested decrease in the number of pit hearth dates from the 
start of the Atlantic onwards (Cromb�e et al., 2015), does not, in fact, 
show in the radiocarbon date record. The frequency of dated pits pre- 
and post-8000 uncal. BP is approximately equal. As stated in the original 
paper (Cromb�e et al., 2015) and as restated by Cromb�e and Langohr 
(2020), the pits almost disappear from the archaeological record after c. 
6000 uncal. BP. In connection with the ant nest theory, these authors 
suggest that increasingly wet conditions due to structural sea-level rise, 
and hence a rise in the groundwater table, would have resulted in a 
decrease in the frequency of wildfires and a subsequent decrease in the 
number of ant nests burning down, or even decreased ant activity in 
these moister areas. However, this does not explain why these pits all but 
disappear from the archaeological record. There is no reason to assume 
that ants were no longer active in these areas. Dry forests and dry soil 
continued to exist in the Neolithic – also outside the Netherlands. 
Moreover, as Vanni�ere et al. (2016) and Feurdean et al. (2017) show, 
although forest fire frequency is influenced by the type of forest as well 
as by climate and human behaviour, such fires do not disappear 
completely. 
4. What about ants? 
A major problem in the present discussion is that we lack systematic 
documentation of the morphology of ant nests, and especially of the 
effects of burning on such nests. Many of the similarities between the 
Mesolithic pit features and ant nests (including those presented by 
Cromb�e and Langohr, 2020:Fig. 1) are therefore based on assumed 
properties of these nests, which are then argued to be similar to those of 
(‘type A’) pit hearths. But they do not present actual observations on the 
subsurface morphology of burned ant nests. The sparse information on 
the (subsurface) construction of NW European ant nests and the impact 
of wildfires (Boer, s.d.; Boer and Kelder, 2016; Kristiansen and Amelung, 
2001; Kristiansen et al., 2001), however, suggests a different 
morphology of ant nests – whether active or burned – than do Cromb�e 
and Langohr (2020). The schematic cross section of a Formica polyctena 
nest presented in Kristiansen and Amelung (2001:Fig. 2) and reproduced 
Fig. 3. Schematic cross section through a nest of a species of red forest ant (Formica polyctena), based on Boer (s.d.), Boer and Kelder (2016), Kristiansen and 
Amelung (2001) and Kristiansen et al. (2001). The superstructure (or dome) may vary in shape, and it may or may not incorporate the surrounding earthen wall. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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in Cromb�e et al. (2015) seems to be an oversimplification of the profiles 
of burnt or abandoned ant nests in Kristiansen and Amelung (2001: 
Fig. 3). Based on Kristiansen and Amelung (2001:Fig. 3) and the pho-
tographs in Boer (s.d.) and Boer and Kelder (2016) of a burnt Formica 
rufa nest, we derived a different general cross section (see Fig. 3). 
Forest ant nests of such species as Formica polyctena and Formica rufa 
have a superstructure that mostly consists of organic material, notably 
pine needles and other organic litter. This structure continues some 10 
cm into the subsoil. Nests may incorporate trees or tree stumps, but this 
is by no means always the case. If (dead) tree stumps, branches or other 
wood fragments are incorporated into an ant nest, this wood usually 
shows evidence of intensive tunnelling by ants – something not 
commonly seen in pit hearth charcoal. Mineral material from the deeper 
soil horizons may be incorporated in the nest structure, but this material 
is mainly deposited as a wall surrounding the nest proper. Underneath 
the superstructure is the buried nest, described as ‘residual’ horizons by 
Kristiansen and Amelung (2001) and Kristiansen et al. (2001), which 
may reach depths of up to 40 cm. These horizons essentially consist of 
the original podzol B (h,s,t), or BC horizons and are intensively tunnelled 
with galleries and chambers. Little to no vegetative litter is deposited in 
these residual horizons, and organic carbon concentrations do not 
exceed 1% – i.e., organic matter contents are < c. 2.5% (Kristiansen and 
Amelung, 2001; Kristiansen et al., 2001). Tunnelled B or BC horizons 
have not been observed in relation to pit hearth features. Sediment with 
such a low carbon content as documented in the residual horizon is 
highly unlikely to burn, let alone be consumed and leave a deep crater, 
as suggested by the ant nest theory. 
Field observations confirm that, in the case of wildfire, the organic- 
rich superstructure of ant nests readily burns away. However, the un-
derlying, residual horizons do not burn; Boer (s.d) and Boer and Kelder 
(2016) describe what they term a volcano crater–like remnant of min-
eral soil material that is left at the surface after a fire. They also indicate 
that in the deep nests, such as the ones made by Formica rufa, the sub-
surface galleries and chambers remain cool enough for the queen and 
some of the worker ants to survive, and to show activity at the surface 
within a few days after the fire. During such fires, it is uncommon for 
tree trunks, roots and other relatively voluminous wood remains to turn 
into charcoal. Rather, charring is restricted to bark and wood surfaces 
(Boer, s.d.; Boer and Kelder, 2016), due to the short duration of such 
fires. These field observations do not match the observed charcoal-rich 
deposits in the Mesolithic pit hearths, and especially the occurrence of 
charred logs in some of them. 
In the original paper (Cromb�e et al., 2015), chemical data were 
presented that were said to support the ant nest theory. Most important 
in the discussion were the concentrations of phosphorus (P) and of the 
exchangeable bases (Ca, Mg, K, Na). Whereas Cromb�e et al. (2015) 
attribute elevated concentrations of P to indicators for ant activity – ants 
being carnivorous – we argue that it is equally or more plausible to 
attribute it to the elevated concentrations of charcoal, which is known to 
be enriched in P (cf. Wilson et al., 2009). 
Furthermore, as already indicated in Cromb�e et al. (2015), for the 
site of Verrebroek, the exchangeable base composition is likely to have 
suffered considerable post-depositional alteration, due to interaction 
with changing groundwater composition, especially when inundations 
resulted in salinisation processes. Therefore, it is especially hazardous to 
interpret these chemical properties of archaeological features in sandy 
soils in areas where changes in the groundwater regime may have 
caused degradation and/or alteration of the ‘original’ chemical foot-
print. This is the case in many parts of the Netherlands, as well as in the 
western lowlands of Belgium, where Verrebroek is located. Therefore, 
these chemical data are not amenable to establishing the origin of the pit 
features discussed here. 
5. Synthesis and conclusion 
In the discussion on the origin of the Mesolithic pit hearth features, a 
number of different observations and interpretations are of relevance. 
The overview of these observations and interpretations as outlined in 
this Reply, in our opinion, has yielded no arguments that unequivocally 
indicate a natural origin of the Mesolithic pit features. The distribution 
in time and space; the shape of the pits; and the pit contents (including 
fire-cracked flint, charred logs, charred wetland plants, multiple wood 
species in charcoal from single pits, to name only a few), among other 
properties, are compelling indicators that we are dealing with anthro-
pogenic features. 
Another important point to reiterate is that Cromb�e et al. (2015) and 
Cromb�e and Langohr (2020) compare the pit features with assumed 
properties of burnt ant nests. No burnt ant nest has yet been investigated 
and described in such a way that a rigorous comparison can be made. 
This includes the authors’ illustration (Cromb�e and Langohr, 2020: 
Fig. 1), which is based on conjecture, rather than on actual observations. 
As we note above, our paper on the Kampen-Reevediep pits (Huisman 
et al., 2019) has provided additional information on basic properties and 
formation processes of these pits. However, much still remains obscure 
with respect to the purpose and technical functioning of these structures. 
To elucidate their purpose and their functioning, more targeted 
archaeological and scientific research is needed, including experimental 
setups. 
Equally important is Cromb�e et al.’s (2015) implicit suggestion that 
the lack of contemporaneous settlement debris in zones with pit features 
has important conceptual implications. The position they take, in fact, 
implies that archaeological evidence for hunter-gatherer activity can 
only be established for situations where we have settlement debris, 
notably scatters of lithics and/or other cultural remains. The corollary of 
this position would be that any phenomenon that does not meet one or 
more of these conditions is to be rejected as being archaeological in 
origin, thus potentially eliminating aspects of hunter-gatherer behaviour 
that do not directly involve ‘settlement’ or ‘domestic’ activity. In our 
opinion, to accept this position would be a move in the wrong direction. 
Based on the current evidence, we maintain our view that the 
Mesolithic pit hearth features are of anthropogenic origin. Apart from a 
superficial similarity with the assumed morphology of burnt ant nests, 
there is no solid basis for interpreting these features as natural phe-
nomena. Contrary to the opinion expressed by Cromb�e et al. (2015:169), 
we value the excavation, documentation and analysis of pit hearth 
features, since they form an integral part of the Mesolithic archaeolog-
ical record. The present discussion makes clear that the interpretation of 
the pit hearth phenomenon involves many aspects, and that, depending 
on how one interprets them, some of these aspects can lead to opposing 
opinions about its nature. We hope that our paper on the 
Kampen-Reevediep pits, and the subsequent comments and reply, 
trigger further research, either to support the ant nest theory or to 
develop insight into the functional nature of such pits as manifestations 
of human behavioural diversity. 
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